Lung squamous cell carcinoma (LUSC) accounts for a significant proportion of lung cancer and there have been few therapeutic alternatives for recurrent LUSC due to the lack of specific driver molecules. To investigate the prospective role of lncRNAs in the tumorigenesis and progression of LUSC, the aberrantly expressed lncRNAs were calculated based on The Cancer Genome Atlas RNA-seq data. Of 7589 lncRNAs with 504 LUSC cases, 884 lncRNAs were identified as being aberrantly expressed (|log2 fold change| >2 and adjusted P<0.05) by DESeq R. The top 10 lncRNAs with the highest diagnostic value were SFTA1P,LINC00968, LINC00961, LINC01572,RP1-78O14.1, FENDRR, LINC01314,LINC01272, GATA6-AS1, and MIR3945HG. In addition to the significant roles in the carcinogenesis of LUSC, several lncRNAs also played vital parts in the survival and progression of LUSC. SFTA1P, LINC01272, GATA6-AS1 and MIR3945HG were closely related to the survival time of LUSC. Furthermore, LINC01572 and LINC01314 could distinguish the LUSC at early stage from that at advanced stage. The prospective molecular assessment of key lncRNAs showed that a certain series of genes could be involved in the regulation network. Furthermore, the OncoPrint from cBioPortal indicated that 14% (69/501) LUSC cases with genetic alterations could be obtained, including amplification, deep deletion and mRNA upregulation. More interestingly, the cases with genetic alterations had a poorer survival as compared to those without alterations. Overall, the study propounds a potentiality for interpreting the pathogenesis and development of LUSC with lncRNAs, and provides a novel platform for searching for more capable diagnostic biomarkers for LUSC.
INTRODUCTION
Lung cancer is the one of the leading causes of cancer deaths in the world. Among all lung cancers, more than 85% are categorized as non-small cell lung cancer (NSCLC), of which lung squamous cell carcinoma (LUSC) accounts for an approximate proportion of 30% [1] [2] [3] [4] [5] [6] . Different from lung adenocarcinoma (LUAD), LUSC starts in squamous cells, which are slim, flat cells from histology, which look like fish scales. More importantly, the genetic and epigenetic profiles in the process of tumorigenesis and development vary strikingly between LUAD and LUSC [7] [8] [9] [10] . There is a wide range of pivotal molecules verified for LUAD, which leads to great therapeutic improvement for recurrent or unresectable LUAD. Instead, there have been few therapeutic alternatives for recurrent LUSC due to the lack of specific driver molecules or mutations [11] [12] [13] [14] [15] . Hence, accurate indicators in the tumorigenesis and development of LUSC are urgently required.
To date, a number of prospective markers for LUSC have been identified; however, the pathogenesis of LUSC is sophisticated. Furthermore, sensitive and specific markers are lacking to identify LUSC in the early stage. Long non-coding RNAs (lncRNAs) have arisen as new master regulators of initiation, progression, and response to specific therapies in a broad variety of solid and hematological neoplasms [16] [17] [18] . LncRNAs have also been demonstrated to gain various functions in tumorigenesis of lung cancer. However, most of the studies concerned the general NSCLC, but few focused on LUSC [19] . Thus, identification of LUSC-related lncRNAs, and investigation of their clinical roles and molecular mechanisms are essential for understanding the development and progression of LUSC.
The Cancer Genome Atlas (TCGA) database of LUSC has facilitated the analysis on the high throughput data of various genomic alterations, including non-coding RNAs. The aberrantly expressed genes were identified for LUSC based on TCGA data and those genes that highly mutated were highlighted [20] . The clinical role of the most significantly altered microRNAs was also studied in TCGA LUSC cohort [21] . Most recently, the lncRNA alteration frequencies, but not the expression levels, were investigated by cBioPortal with 504 cases of LUSC, as well as LUAD from TCGA database [22] . Another study also compared the lncRNA profiling in LUAD and LUSC with data from TCGA and Gene Expression Omnibus (GEO). However, the concern of this study was the distinct lncRNA expression pattern between LUAD and LUSC. Furthermore, only the paired tissue samples of RNA-sequencing (RNA-Seq) from TCGA (16 pairs) were analyzed. Even the authors validated their findings with microarray data from GEO (GSE19188), only a small number of cases were involved [23] . Thus, in the current study, we calculated the 884 aberrantly expressed lncRNAs from 7589 lncRNAs in 502 LUSC cases. We further selected the top 10 lncRNAs to evaluate their clinicopathological value and potential mechanism for LUSC.
RESULTS

Aberrantly expressed lncRNAs based on TCGA data in LUSC
The expression level of each lncRNA transformed with log2 was calculated by DESeq R. Following the calculating criteria, we achieved 884 aberrantly expressed lncRNAs ( Figure 1 ) in LUSC, including 669 highly and 215 lowly expressed lncRNAs. All the aberrantly expressed lncRNAs were sent for ROC analysis and we listed the top 75 lncRNAs obtaining over 0.95 for the area under ROC curve (AUC) ( Table 1) , which demonstrated that these lncRNAs might play essential roles in the occurrence of LUSC and had high diagnostic value for LUSC patients.
Clinical value of the top 10 aberrantly expressed lncRNAs in LUSC
The top 10 aberrantly expressed lncRNAs (Table 2) were selected for further analysis, including Surfactant associated 1 (SFTA1P), LINC00968, LINC00961, LINC01572, RP1-78O14.1, FOXF1 adjacent non-coding developmental regulatory RNA (FENDRR), LINC01314, LINC01272, GATA6-AS1, and MIR3945HG. The level of LINC01572 was remarkably higher in the LUSC than that in the paratumorous lung tissues. On the contrary, the other nine lncRNAs were all obviously downregulated in LUSC tissues ( Figure 2 ). All these 10 aberrantly expressed lncRNAs showed high diagnostic values to distinguish LUSC from non-cancerous lung tissues with AUC all more than 0.99 ( Figure 3 ). Survival analyses showed that SFTA1P, LINC01272, GATA6-AS1 and MIR3945HG were significantly related to the survival time of LUSC (Figure 4) . Further, the multivariate cox analysis showed that SFTA1P might be an independent prognostic indicator for LUSC (P=0.019, Supplementary Table 1) . When concerning the relationship between these 10 lncRNAs and the progression of LUSC, several lncRNAs were closely related to some clinical parameters of LUSC (Table 3, Figure 5) . Especially, the level of LINC01572 and LINC01314 could distinguish the LUSC patients in early-stage from the advancedstage. Original data of FGFR1 was extracted from TCGA platform. Significantly positive correlations were noted between FGFR1 and ten-lncRNA ( Figure 6 ). www.impactjournals.com/oncotarget Potential molecular mechanism of the top 10 aberrantly expressed lncRNAs in LUSC The co-expressed genes of all these ten key lncRNAs were determined by the WGCNA. As a result, 120 genes were revealed to be co-expressed with SFTA1P, and 47 genes were discovered to have co-expressed relationship with LINC01272, as well as the other key lncRNAs (46 genes for RP1-78O14.1, 18 for LINC00968, 8 for LINC00961, 4 for LINC01314, and 2 for GATA6-AS1 and 1 for MIR3945HG). Whereas the WGCNA showed no gene being co-expressed with FENDRR or LINC01572 (Figure 7) .
The OncoPrint from cBioPortal showed that 14% (69/501) cases with genetic alterations could be obtained ( Figure 8A ), except RP1-78O14.1, whose data were not available in cBioPortal. And only SFTA1P, LINC00968, LINC00961, and FENDRR had genetic alterations, including amplification, deep deletion and mRNA upregulation. More interestingly, the cases with genetic alterations had a poorer survival as compared to those without alterations (P=0.0359, Figure 8B ). CBioPortal also provided the probable co-occurrence of these top 10 lncRNAs. As Table 4 showed, there was a tendency towards co-occurrence between SFTA1P and LINC00961 in LUSC.
As a result, the STA1P co-expressed genes were most enriched in lysosome and LINC01272 co-expressed genes were most significantly involved in integral component of membrane. Meanwhile, the most enriched GO terms for mRNAs co-expressed with RP1-78O14.1 was actomyosin structure organization. The result was Table 5 . Additionally, we also analyzed the most enriched GO terms within all the mRNAs co-expressed with these lncRNAs. Consequently, plasma membrane was revealed to be the most GO terms and the result was showed in Table 6 .
Validation of the expression and ROC of the eight lncRNAs with GEO data
One study was screened out from GEO datasets (GSE30219). The expression level of eight key lncRNAs, SFTA1P, LINC00968, LINC00961, RP1-78O14.1, FENDRR, LINC01314 and LINC01272, could be extracted from the dataset, among which the remarkably lower expression of SFTA1P, LINC00968, LINC00961, RP1-78O14.1, FENDRR, LINC01314 and LINC01272 could be observed, while predominantly higher expression of GATA6-AS1 was found in LUSC tissues ( Table 7 ). The ROC curves of eight lncRNAs all indicated favorable diagnostic value of LUSC ( Figure 9 ).
Validation based on clinical samples of LUSC
We performed real time RT-qPCR to confirm the expression of LINC00968 and FENDRR in the 12 paired clinical samples. In these patients, the mean expression level of LINC00968 was notably lower in LUSC tissues (0.3343±0.08582) than that of non-cancerous lung tissues (0.8258±0.1469; P=0.0085, Figure 10A ). Moreover, the AUC of LINC00968 was 0.778 (P=0.0021, Figure 10B ). However, there was no significant correlation between LINC00968 and the tumorigeneses of LUSC (P=0.508, Figure 10C ). Meanwhile, the expression trend of FENDRR was similar to that of LINC00968 (P=0.0015, Figure 10D ). The AUC of FENDRR is 0.882 (P=0.0015, Figure 10E ). And we also assessed the relationship between FENDRR and the tumorigeneses of LUSC (P=0.031, Figure 10F ).
Further analysis for the key lncRNAs expression in 22 types of cancers based on TCGA
Based on the results derived from GEPIA, down-regulation of SFTA1P was found in the lung adenocarcinoma (LUAD) and rectal adenocarcinoma (READ), while the expression of SFTA1P was significantly up-regulated in clear cell kidney carcinoma (KIRC). As shown in the figures, the consistent results were found in breast cancer (BRCA), LUAD and thymoma (THYM), revealing that LINC00968 level was significant lower in these cancers compared with para-noncancerous tissues. consistent with the result in LUSC, the lower expression of LINC00961 was demonstrated in BRCA, kidney chromophobe (KICH), kidney renal papillary cell carcinoma (KIRP) and LUAD. Additionally, lower RP1-78O14.1 expression was also revealed in several types of cancers including cervical squamous cell carcinoma (CESC), KIRC, KIRP and LUAD. Moreover, the significance of FENDRR down-regulation was reached in the bladder urothelial carcinoma (BLCA), colon adenocarcinoma (COAD), LUAD, Prostate adenocarcinoma (PRAD) and READ. Meanwhile, the result also showed the down-regulation of LINC01314 in cholangiocarcinoma (CHOL), esophageal carcinoma (ESCA), KICH, KIRC, KIRP, LUAD and pheochromocytoma and paraganglioma (PCPG), together with the up-regulation in the thyroid carcinoma (THCA). Interestingly, though lower expression of LINC01272 was found in LUAD, the result revealed a significant trend of up-regulation for LINC01272 in CESC, COAD, ESCA, KIRC, KIRP, READ, stomach adenocarcinoma(STAD) and uterine corpus endometrial carcinoma(UCEC). In the support of the result, GATA6-AS1 might act as a tumor suppressor in the several cancers including BLCA, CESC, ESCA, LUAD, pheochromocytoma and paraganglioma (PCPG) and UCEC. Nevertheless, MIR3945HG was only significantly lower in LUAD and there was no significant difference of LINC01572 expression between cancer tissues and para-noncancerous tissues among these 22
cancer types. All the details were presented in the Figure  11 , which were derived from GEPIA.
DISCUSSION
There are marked variances in the aberrant gene profiling and molecular characteristics between LUAD and LUSC, which result in the altered therapeutic regimens administered to the two NSCLC subtypes [24] [25] [26] [27] [28] [29] . Development in molecular biology has extended overexpression and gene amplification are much common in LUSC, which play pivotal roles in the biological process and disease development of LUSC [31] . This could be explained by the use of cetuximab in the FLEX phase III studies [32] , and necitumumab in the SQUIRE study [33, 34] . Except the recently approved molecular target drug nivolumab [35] [36] [37] [38] [39] , there have been no other recommendations specifically for LUSC as approved by US Food and Drug Administration. The recent molecular advances in lncRNAs could open up a new research area for the clinical setting of LUSC. Single lncRNA in LUSC has been studied by some groups [40] [41] [42] [43] ; however, the studies based on high throughput RNA-seq data have been rarely reported. Most recently, Liu et al [22] investigated the altered lncRNAs between LUSC and LUAD. CBioPortal was used to examine lncRNA alteration frequencies, as well as the capacity to evaluate overall survival from TCGA database. In LUSC, 624 lncRNAs were observed to gain alteration rates > 1% and 64 > 10%. Two lncRNAs, including IGF2BP2-AS1 and DGCR5 were related to better overall survival in LUSC. This study [22] focused on the genetic alteration of lncRNAs in LUSC. Similarly, Wei et al [23] also compared the lncRNA transcriptional fingerprints between LUSC and LUAD based on transcriptome analysis with TCGA and GEO. They found that there were 117 dysregulated lncRNAs in LUSC, including 56 up-regulated and 61 down-regulated lncRNAs. Among our top 10 lncRNAs, only LINC00968 was mentioned in the 117 dysregulated lncRNAs identified by Wei et al [23] . Only 16 cases of paired LUSC tissue samples were examined in the study of Wei et al [23] , and this could partially explained the distinction of aberrantly expressed lncRNAs found between Wei et al [23] and our current study.
The top 10 lncRNAs (SFTA1P, LINC00968, LINC00961, LINC01572, RP1-78O14.1, FENDRR, LINC01314, LINC01272, GATA6-AS1, and MIR3945HG) had extremely high diagnostic values for LUSC, since the AUCs were all over 0.99. The differential expression levels and diagnostic potency of eight among these 10 lncRNAs could also be confirmed with independent data from GEO, which further supports the findings based on TCGA. We also performed real time RT-qPCR to verify the expression level of two lncRNAs (LINC00968 and FENDRR) with clinical sample in house. Besides, some lncRNAs may also play vital parts in the survival and progression in LUSC, which make them potential novel master regulators for LUSC. Some of these lncRNAs have been reported in other diseases. Among these 10 top aberrantly expressed lncRNAs, only the role and function of FENDRR have been well documented by several studies. FENDRR was first identified as a tissuespecific lncRNA, which was a crucial modulator of the growth of heart and body wall in mice [44] . FENDRR can bind to Proteasome component 2 (PRC2) and TrxG/MLL complexes to act as a regulator of chromatin signatures that define relevant gene activity [44] . Molecular data also suggests that FENDRR plays important part at target regulatory elements via dsDNA/RNA triplex formation, and thus directly raises PRC2 residence at these sites. FENDRR can connect epigenetic mechanisms with gene regulatory networks in embryogenesis in the mouse [45] . Furthermore, multiple knockout mouse models also unveil that FENDRR is requisite for life and brain development [46] . The clinical role and molecular mechanism of FENDRR in cancers also received much attention [47] . Decreased expression of FENDRR in infantile hemangioma was detected by both microarray analysis and qPCR [48] . Down-regulation of FENDRR was found in gastric cancer and moreover, FENDRR was closely related to the poor prognosis in gastric cancer. As for the mechanism, FENDRR can modulate the metastasis of gastric cancer cells via influencing fibronectin1 expression [49] . Most recently, high throughput microarray assay and quantitative reverse transcription-polymerase chain reaction (qRT-PCR) were conducted to confirm that FENDRR was significantly down-regulated in human Xuanwei lung cancer (XWLC) as compared to that in para normal lung tissues [50] . In the support of this study, we speculated that down-regulation of FENDRR might play a vital role in lung cancer based on TCGA dataset and our validation based on a small size of patients by real time RT-qPCR. SFTA1P was first mentioned by a genome-wide association (GWAS) study which investigated the susceptibility genes in the risk for dental caries. SNP rs11256676 in Phenotypes DMFS5 mand of Chr. 10p14 was discovered and its function was unknown in 2013 [51] . Interestingly, SFTA1P was later reported to be predominately up-regulated in lung adenocarcinoma and one of the most remarkable enriched functions was surfactant homeostasis by array-based transcriptional survey in 2014 [52] . On the contrary, SFTA1P was found to be down-regulated in LUSC tissues in the current study, which indicates the distinct role of SFTA1P in LUAD and LUSC.
Additionally, two lncRNAs, MIR3945HG V1 and MIR3945HG V2, were identified as novel candidate diagnostic markers for tuberculosis [53] . But LINC01314, LINC00968, LINC00961, LINC01572, GATA6-AS1, RP1-78O14.1 and LINC01272 are absolutely new lncRNAs, pT: para-noncancerous tissue; LUSC: lung squamous cell carcinoma since no publications were available by far. The clinical role of these novel lncRNAs needs further verification in LUSC.
The exact mechanisms of these aberrantly expressed lncRNAs in LUSC remain unknown. An emerging signature tune in the non-coding RNA world goes to the crosstalk between lncRNAs and mRNAs. We then predicted the prospective regulation of lncRNA coexpressed mRNA. Several lncRNAs might exert their functions via co-expressing with mRNA. Even none of WGCNA has been verified in LUSC, it is quite likely to perform in-depth studies to reveal the pathogenesis of LUSC based on aberrantly expressed lncRNAs. Furthermore, the genetic alterations can also regulate the function of certain lncRNA, and thus influence the clinical outcome [54] [55] [56] [57] . The roles of lncRNA genetic alterations in LUSC have not been well established. Only several studies explored single lncRNAs and their genetic variants in lung cancer. For instance, among the advanced lung cancer patients, cases with rs3200401 CT and CT + TT genotypes in MALAT1 had clearly better prognosis than those with the MALAT1 rs3200401 CC genotype [58] . SNP rs114020893 of NEXN-AS1 at 1p31.1 might also contribute to lung cancer susceptibility [59] .
In the current study, gene amplification, deep deletion and mRNA upregulation were detected in SFTA1P, LINC00968, LINC00961 and FENDRR and these genetic alterations of the lncRNAs showed a close correlation with survival of LUSC. However, the clinical potential of these genetic alterations needs to be confirmed with larger sample size and the exact mechanism of these genetic alterations also required in vitro and in vivo verification.
Overall, we show a signature of aberrantly expressed lncRNAs in LUSC tissues and the top 10 of them have great clinical value to act as diagnostic biomarkers, and indicators to evaluate the survival and progression of LUSC. However, other precise detecting methods, like real time RT-qPCR or FISH are required to validate the diagnostic potentials of these novel lncRNAs. Also, more in-depth experiments are necessary to explore the underlying mechanism of these lncRNAs in LUSC.
MATERIALS AND METHODS
TCGA dataset of LUSC
High throughput data of RNA-Seq diagnosed with LUSC were downloaded from TCGA on November 9, 2016 [22, 23, 60] . These RNA-seq data from Illumina HiSeq RNASeq platform included 504 LUSC and 49 adjacent non-cancerous lung tissues. Since the TCGA data were a community resource project, additional approval by the ethics committee of our hospital was not mandatory. Also, the present study adhered to the TCGA publication guidelines and data access policies.
Exploration of the aberrantly expressed lncRNAs in LUSC
The RNA-Seq data of LUSC with 60,483 mRNAs covers 7589 lncRNAs, as described by NCBI (https:// www.ncbi.nlm.nih.gov/) or Ensembl (http://asia.ensembl .org/). The R language package DESeq [61, 62] was subsequently used for the calculation of aberrantly expressed lncRNAs (adjusted P<0.05 and the absolute log2 fold change >2), respectively. The lncRNAs of which expression was less than 1 in more than 10% of samples were excluded and the expression level of each lncRNA was log2 transformed for the downstream analysis.
Clinical role of the top 10 aberrantly expressed lncRNAs in LUSC
The receiver operating characteristic (ROC) curve was used to assess the diagnostic effectiveness of all aberrantly expressed lncRNAs in LUSC and the top 10 were then selected for further evaluation. All expression data were presented as the mean ± standard deviation (SD). The different expression levels of the top 10 aberrantly expressed lncRNAs between LUSC and non-cancerous lung tissues, as well as between different clinical groups were assessed by Student's t test. Pearson correlation test (SPSS Inc., Chicago, IL, USA) was performed for the relationship between FGFR1 and each lncRNA in LUSC. The prognostic roles of these lncRNAs were examined with the Kaplan-Meier method, and the log-rank test was conducted to contradistinguish survival time. The univariate and multivariate cox analyses of these lncRNAs were also performed. A P-value < 0.05 represented statistical significance. The statistical analyses were all carried out by SPSS 22.0.
Potential molecular mechanism of the top 10 aberrantly expressed lncRNAs in LUSC
To explore the regulation network of the key lncRNAs, the co-expressed genes of those key lncRNAs were screened out by weighted gene co-expression network analysis (WGCNA) [63] [64] [65] . Finally, the lncRNA co-expression network was established based on WGCNA and finally visualized by Cytoscape software. Additionally, we also performed the GO analyses for the co-expression genes for six lncRNAs based on the Database for Annotation, Visualization and Integrated Discovery (DAVID, https://david.ncifcrf.gov/).
It could be assumed that the elevated expression of these lncRNAs in LUSC could be caused by genetic alterations, including amplification, deletion, or point mutations. Consequently, cBioPortal was used to summarize the possible genetic alterations for these the top 10 aberrantly expressed lncRNAs in LUSC, which were presented as OncoPrint. The clinical values of the genetic alterations were also evaluated.
Validation of the aberrant expression and clinical value of lncRNAs in LUSC based on GEO datasets
Data from Gene Expression Omnibus database (GEO, http://www.ncbi.nlm.nih.gov/geo) was used to validate the results from TCGA. Search strategy was as following: (cancer OR carcinoma OR squamous cell carcinoma OR SqCC OR SCC OR tumor OR tumor OR malignanc* OR neoplas*) AND (lung OR pulmonary OR respiratory OR respiration OR aspiration OR bronchi OR bronchioles OR alveoli OR pneumocytes OR "air way"). We only retained the original study that analyzed gene expression profiling between human LUSC tissues and normal control tissues. Independent sample T-test (SPSS 22.0 Inc., Chicago, IL, USA) was used for the statistical analysis of the differentially expressed level of these lncRNAs between LUSC and paracarcinoma lung tissues. The ROC curve analysis was used to validate the diagnostic value of the lncRNAs for LUSC patients based on GEO dataset.
Validation based on clinical samples of LUSC
To further verify the data from TCGA and GEO, we conducted real time RT-qPCR to detect the level of lncRNA LINC00968 and FENDRR with clinical LUSC samples (n=12) from the First Affiliated Hospital of Guangxi Medical University as previously reported [66] [67] [68] [69] . The Ethical Committee of First Affiliated Hospital of Guangxi Medical University, China approved the present study. All participating patients provided informed consent and agreement for the research use of the clinical samples. GAPDH was used as internal reference with the primers as follows: Forward-5'-GCTCTCTGCTCCTCCTGTTC-3', Reverse-5'-ACGACCAAATCCGTTGACTC-3'. The primers were listed as follows: LINC00968, Forward-5'-CCACTCCTTTAGTCGTTGTGC-3'; Reverse-5'-GGT CCCTCATTCCTATCCC-3'; FENDRR, Forward-5'-TAAAATTGCAGATCCTCCG-3'; Reverse-5'-AACGTT CGCATTGGTTTAGC-3'. Paired-samples t test was performed to compare the difference of lncRNAs between LUSC and non-cancerous lung tissues with SPSS 22.0. ROC curves were used to assess the effect of lncRNAs to discriminate the LUSC from non-cancerous lung tissue.
Analysis for the expression pattern of the lncRNAs in all tumors involved in TCGA based on GEPIA
We also showed the expression levels of the lncRNAs between cancer tissues and para-noncancerous tissues with the assistance of GEPIA (http://gepia.cancerpku.cn), which could analyze the RNA sequencing expression data of 23 types of cancers and normal samples from the TCGA according to the standard processing pipeline.
